NPCs isolated from the GE of the telencephalon at E11 ( Figure 2I ). These results thus 203 indicated that Ring1 is necessary for ventral expression of the MGE marker Nkx2.1.
204
We also examined the expression of Gsx2, which is highly enriched in the LGE
205
and whose mRNA is present in both the LGE and MGE (Toresson et al., 2000) .
206
Immunostaining indeed revealed the expression of Gsx2 protein within nuclei of NPCs
207
in the LGE of control mice at E10, whereas such expression was markedly attenuated in was shallower in Ring1B KO mice than in control mice ( Figure 3C ). We also examined transforming growth factor-β (TGF-β) signaling pathways were also enriched among 279 the genes whose expression was up-regulated by Ring1b deletion ( Figure 5D ). The to BMP and Wnt signaling pathways ( Figure 5F ). Of interest, the BMP inhibitor gene
282
Bmper was among the top 10 down-regulated genes ( Figure 5C Figure 5G ). These results together indicated that Ring1B suppresses BMP and Wnt
287
signaling pathways in NPCs of the ventral telencephalon at E11.
288
We also monitored the activity of the Wnt signaling pathway by examining the 
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(two-tailed Student's unpaired t test).
(E, G) Images of the brain of control or Ring1B KO mice (E) or of Ring1A KO or
515
Ring1A/B dKO mice (G) at E10 and E11. Scale bars, 1 mm.
(F, H) Quantification of the lateral projected area of the telencephalon at E10 and E11
517
for images similar to those in (E) and (G). Data are means ± s.e.m. of averaged values 518 from four litters (2-9 embryos per litter). **P < 0.01, ***P < 0.001; ns, not significant 519 (two-tailed Student's paired t test). LGE (pixels) was also determined for each section and then corrected for the intensity Ring1B KO mice at E10 were cultured as monolayers for 6 h, exposed for an additional cDNA derived from the mouse telencephalon and was subcloned into pBluescript SK(-).
(D, E) Enriched pathways among up-regulated genes (D) and down-regulated genes (E)
706
Amplified sequences are presented in Supplementary table 2. min, placed on ice for 2 min, and then maintained at 65°C before in situ hybridization.
778
Embryos were fixed for 3 h (Shh) or overnight (Axin2) with 4% paraformaldehyde in
779
PBS and then incubated with 30% sucrose in PBS, embedded, and sectioned as Hoechst / Id1
Ring1A/B dKO
Id1
Ring1A KO Ring1B KO, Ring1A/B dKO Outside of the dorsal midline
